Objective: To compare the effect of glucose and whey-protein preloads on satiety and food intake (FI) as affected by time to the next meal and body composition in normal weight (NW) and obese (OB) boys. Design: Cross-sectional clinical intervention study of the effect of caloric preloads on FI control in boys. 
Introduction
The interaction between energy and macronutrient ingestion and physiological factors regulating short-term satiety and food intake (FI) in children has received little investigation. A common approach to measuring this interaction requires subjects to consume either a calorie-free (control) treatment or a fixed amount of food or nutrient (caloric preload) followed by a test meal after a short delay where the subject can eat as much as desired. 1, 2 The effect of the caloric preload is assessed by comparing the energy intake in the test meal following the treatment preload compared with the control. The ingestion of sugars preloads reduces FI at a later meal, in both children and adults, but is dependent on the dose and the time interval between the preload and the test meal. 3 Preschool children compensate accurately at a subsequent meal for the energy content of carbohydrate preloads, 4, 5 but less so with increasing age. 6 Time to the next meal after a preload is also a factor because children (9-to 10-year olds) given sucrose preloads compensated at a meal provided at 30, but not at 90 min later. 7 The effect of other carbohydrates has not been investigated.
There are no reports of the effect of pure protein sources alone or in comparison with carbohydrates and provided as preloads on satiety and FI at a later meal in children of any age. Dietary protein, depending on its source, contributes strongly to short-term satiety and suppresses FI more than carbohydrate as indicated by quantitative and subjective measures 8 in both obese (OB) and normal weight (NW) adults. 9 Furthermore, while the relationship between food ingestion and short-term satiety and FI is affected by obesity and hyperinsulinemia in adults, 10 there are no reports of the effect of obesity in children on the regulation of short-term FI. However, adiposity may be a factor because lower compensation to fixed size carbohydrate preloads in 3-to 5-year-old girls was associated with increased body fatness. 11 Therefore, the purpose of these studies was to compare the effect of glucose and whey-protein preloads on satiety and short-term FI in NW and OB boys (9-to 14-year olds).
Subjects and methods

Research design
Two experiments were conducted using a repeated measures design. On three separate mornings, 1 week apart and in random order, each of the NW and OB boys were given equally sweetened preloads of SPLENDA Sucralose (control), glucose or whey protein made up to 250 ml with water 2 h after a fixed breakfast. The boys were then given a pizza meal, and allowed to eat until they were comfortably full. The effect of the preload treatment on subsequent FI was measured 30 min (Experiment 1) or 60 min (Experiment 2) later.
Subjects
In Experiment 1, 17 NW boys (between the 5th and 85th ageand sex-specific body mass index (BMI) percentiles) and 17 OB boys (X95th age-and sex-specific BMI percentile) 12, 13 between the ages of 9 and 14 years were recruited (Table 1) . In Experiment 2, 12 NW boys between the ages of 10 and 13 years were recruited. NW boys were recruited from the University of Toronto Schools through a recruitment letter sent home to parents and by a word of mouth. Obese boys were recruited primarily from the North York General Hospital Obesity Clinic and by word of mouth. These studies were approved by the Human Subjects Review Committee (Ethics Review Office, University of Toronto), and the Research Ethics Boards of North York General Hospital and The Hospital for Sick Children.
Boys born at full-term and normal birth weight were included in the study, but individuals dieting, taking medication and with significant learning, behavioral or emotional difficulties were excluded. Parents who volunteered their children were administered a questionnaire by telephone to elicit information about the inclusion and exclusion criteria. If a child met the study requirements, the child and parent attended a screening session at the Department of Nutritional Sciences, where the study was explained to the child and parent. Informed written consent was obtained from the parent and written assent was obtained from the child. Physical measurements of height and weight were taken. The parent and child were given a tour of the facility to familiarize the child with the study rooms and minimize his apprehension during the first test visit.
Experimental procedure
In both experiments, boys arrived at the Department of Nutritional Sciences at 1000 or 1100 hours, 2 h after the consumption of a fixed breakfast of skim milk (250 ml, 381 kJ), Honey Nut Cheerios (26 g, 430 kJ donated by General Mills Inc, Mississauga, Ontario, Canada) and Tropicana Orange Juice (236 ml, 460 kJ) at home (800 or 900 hours). Upon arrival, the investigators asked the boy if he had consumed the entire breakfast and then verified his response with the parent. The subjects completed at baseline (0 min) Visual Analogue Scale (VAS) questionnaires rating their motivation-to-eat and physical comfort. In Experiments 1 and 2, the motivation-to-eat VAS was also administered at 15, 30 and 60 min and post meal at 90 min in Experiment 2. The physical comfort VAS was administered once at baseline (0 min) and again at 60 min (Experiment 1) or 90 min (Experiment 2) after the consumption of the test preloads.
Preload treatments were administered in random order and 1 week apart. In Experiment 1, the three equally sweetened drinks were glucose (50 g, 837 kJ: 54.6 g glucose monohydrate; Grain Process Enterprises, Toronto, Ontario, Canada), whey-protein isolate (50 g, 837 kJ: whey-protein isolate; 56.25 g unflavored whey-protein isolate; Interactive Nutrition International Inc., Ottawa, Ontario, Canada) and sweetened water. In Experiment 2, the preload treatments of glucose and whey protein were provided relative to body weight (BW) (1 g/kg) and FI measured 60 min later.
Treatments were matched for sweetness and flavor by adding the high-intensity sweetener SPLENDA Sucralose (donated by Tate and Lyle Sucralose Inc. Decatur, IL, USA), because it is not metabolized in the body and does not alter blood glucose or insulin secretion. 14 In addition, 1.1 g of a Fat mass and fat-free mass were determined from the sum of skinfolds at four points. 19 Food intake regulation in children N Bellissimo et al aspartame-sweetened, cherry-flavored crystals (Sugar Free Kool-Aid, Kraft Canada Inc., Don Mills, Ontario, Canada) was added to each preload treatment to standardize the flavor. To ensure that subjective sweetness was similar among the treatments, preload formulations were pretested in a separate group of subjects 2 weeks before the start of each study and were not found to be significantly different.
Test preloads were prepared the evening before the study, stored in the refrigerator and served chilled the following morning. Subjects consumed their treatments, followed by 50 ml of water to minimize aftertaste, in p5 min. Preload drinks were served in a covered opaque cup and a pizza lunch was provided 30 min (Experiment 1) or 60 min (Experiment 2) later. Boys were escorted to the taste panel room and individually seated in their own cubicle, and pizza was served with 500 ml bottled spring water (Danone Crystal Springs, Quebec City, QC, Canada).
Two varieties of Deep 'N Delicious 5-inch-diameter pizza were fed; pepperoni and three-cheese pizzas (donated by McCain Canada Ltd., Florenceville, Ontario, Canada). Pepperoni pizza (102 g) contained 9.7 g of protein, 7 g of fat and 26 g of carbohydrates for a total energy content of 860 kJ. Each three-cheese pizza (96 g) contained 11 g of protein, 7.3 g of fat and 26 g of carbohydrate for a total energy content of 890 kJ. The cooked pizzas were weighed and cut into four equal pieces before serving, and the amount left after the meal was subtracted from the initial weight and converted to kilojoules to provide a measure of FI. An advantage of using these pizzas was the lack of an outer crust, which resulted in a pizza with a uniform energy content and eliminated the opportunity for the subject to eat the energy-dense filling and leave the outside crust of the pizza. Water consumption was determined by weight.
The boys ranked the pizza according to their preference before the first session and, for each boy, serving of two pizzas of their first choice and one pizza of their second choice on each tray was consistent for each treatment. Only when children indicated a dislike for a particular variety of pizza were they served three identical 5-inchdiameter pizzas on each tray. The boys were informed that additional hot trays of pizza would be presented at regular intervals and were instructed to eat until they were 'comfortably full'.
The motivation-to-eat VAS questionnaire, used to assess appetite, was composed of four questions or scales as previously used for adults 1, 15, 16 and children. 7, 17 Each VAS consisted of a 100 mm line anchored at the beginning and end by opposing statement: (1) How strong is your desire to eat? ('very weak' to 'very strong'), (2) How hungry do you feel? ('not hungry at all' to 'as hungry as I've ever felt'), (3) How full do you feel? ('not full at all' to 'very full') and (4) How much food do you think you can eat? (prospective food consumption, PFC) ('nothing at all' to 'a large amount'). The sweetness and pleasantness of preload treatments and physical comfort were measured using VAS. 1, 7, 15, 17 The question 'How sweet have you found the drink?' was anchored by 'not at all sweet' and 'very sweet'. The question 'How pleasant have you found the beverage' was anchored by 'not at all pleasant' to 'very pleasant'. Anthropometric measurements, including height (m), weight (kg), triceps, biceps, suprailial and subscapular skinfold thickness (mm), were obtained by standard procedures, 18 as previously reported. 17 Bioelectrical impedance analysis (BIA) was also used to assess body composition.
Estimates of body fat were predicted from regression equations from skinfolds (Cambridge Scientific Industries, Cambridge, MD, USA) 19 and from BIA (RJL System BIA, 101Q, Clinton Twp, Michigan, USA). 20 There is some suggestion in the literature that BIA has less precision than skinfolds in estimating fat mass (FM) in young children. 21 Therefore, although skinfolds and BIA provided almost identical estimates of body composition in these experiments and both were highly positively correlated with FI, only those from skinfolds are reported.
Statistical analysis
Treatment effects on food and water intake, and subjective measures of appetite, sweetness and pleasantness were analyzed using the PROC MIXED MODEL procedure in SAS (Version 9.1, SAS Institute Inc., Carey, NC, USA) with preload treatment and group (Experiment 1) or preload treatment (Experiment 2) as main factors. Subjective appetite data were further analyzed for the effect of time on the response to preload treatments. Post hoc analysis was performed by Tukey-Kramer's test, adjusted for multiple comparisons, when treatment effects or interactions were found to be statistically significant. Caloric compensation between the groups was analyzed by Student's unpaired t-test and within a group by paired t-test. Data are presented as means7s.e.m. Correlations on dependent measures were derived by the use of Pearson's correlation coefficients. An average appetite score was calculated at each time of measurement for each preload treatment by the formula:
Appetite score ðmmÞ ¼ ½desire to eat þ hunger þ ð100 À fullnessÞ þ PFC=4 which reflects the four questions on the motivation-to-eat VAS. 1, 7, 15, 16 Caloric compensation, a measure of how well individuals reduce their energy intake at a test meal after a treatment preload relative to the control intake, was calculated for each person, as reported previously, 17, 22, 23 by the following formula:
Caloric Compensation ð%Þ ¼ ½Control intake ðkJÞ À Treatment intake ðkJÞ= kJ in treatment preloadÂ100
A compensation score of 100% indicates that a boy reduced his lunch intake by 837 kJ on days when he was given the calorie-containing (837 kJ) preload (treatment) compared to days when he was given the control preload. Compensation
Food intake regulation in children N Bellissimo et al scores of less than 100% indicate failure to fully compensate at the test meal, whereas scores above 100% indicate that the boys overcompensated by consuming less energy at the test meal than that contained in the preload.
Results
Experiment 1: Effect of fixed (50 g) glucose and whey-protein preloads on FI 30 min later in NW and OB boys Food intake. Preload treatment affected energy consumption at the test meal (Po0.0001) and cumulative (meal plus preload) energy intake (Po0.04) ( Table 2 ). Group (Po0.99) was not a factor and there was no preload treatment Â group interaction (Po0.21). Normal weight and OB boys reduced their FI at the pizza lunch similarly after the glucose preload, but OB boys did not respond as well to the whey protein preload. Caloric compensation after the glucose preload was similar in both NW (106%) and OB (81%) boys, but after whey protein was lower in OB (39%) than NW (91%) boys (Po0.05). In NW boys, cumulative (meal plus preload) intake after glucose and whey-protein treatments was not different from the control. However, in OB boys, cumulative intake after the glucose preload was not different from the control but it was higher after the whey-protein treatment.
Water intake. Water intake at the pizza lunch was not affected by the preload treatment (Po0.06) or group (Po0.69), and there was no preload treatment Â group (Po0.17) interaction ( Table 2) .
Sweetness of preload treatments. Neither preload treatment (Po0.13) nor group (Po0.33) was the factor affecting preload sweetness, but there was a significant preload treatment Â group interaction (Po0.04) ( Table 2) because the OB boys, compared with NW boys, reported that the whey-protein drink was less sweet than the other drinks.
Subjective average appetite scores. Absolute average appetite scores were not affected by preload treatment or group, but average appetite increased over time irrespective of the preloads (Po0.0001; Figure 1a ). Of the individual appetite scores, neither preload treatment nor group was the factor, but the individual appetite scores changed over time (Figures  1b-e) . After the test meal, desire-to-eat, hunger and PFC were significantly reduced and fullness increased after all test treatments in both NW and OB boys (data not shown).
Effect of subjective appetite and body composition on food intake Subjective appetite. Table 3) . Body weight, FM and fat-free mass (FFM) were positively associated with FI after the control, glucose and whey treatments in the NW boys. Body composition was not related to FI in OB boys (Table 3) . In NW, but not OB boys, the preload dose expressed on a BW basis (g/kg) was negatively associated with FI ( Figure 2 ) after the whey-protein and glucose treatment, suggesting that the larger the boy the lesser the impact of the fixed preload. For this reason the treatments were given on a BW basis in Experiment 2. As well the time to measurement of FI was extended to 60 min because previous reports that proteins suppress FI more than carbohydrates in adults have been based on FI measured 60 min or later. 24 Experiment 2: Effect of glucose and whey-protein preloads (1.0 g/kg) on FI 60 min later in NW boys Food intake. Preload treatment affected energy consumption at the test meal (Po0.0001; Table 4 ). Whey protein and glucose suppressed FI compared with the control, but whey Food intake regulation in children N Bellissimo et al protein suppressed FI more than glucose. Caloric compensation after the whey-protein treatment was significantly greater than after the glucose treatment (D ¼ 57723%; Po0.03).
Water intake. Water intake during the test lunch was not different among treatments (Po0.08), indicating that water intake was not a factor affecting energy consumption during the test meal (Table 4) .
Sweetness and pleasantness of preload treatments. Sweetness (Po0.006) and pleasantness (Po0.005) differed among the test preload treatments (Table 4) . Subjective sweetness and pleasantness of the whey-protein treatment were significantly lower compared with the control and glucose treatment, but glucose did not differ from control.
Subjective average appetite scores. Preload treatment did not affect absolute average appetite scores (Po0.08), but average appetite increased over time (Po0.0001) (Figure 3a) . For the individual appetite scores time was a factor (Po0.0001), but there was no significant preload treatment effect or preload treatment Â time interaction (Figures 3b-e) . After the test meal, desire-to-eat, hunger and PFC were significantly reduced and fullness increased after all test treatments (data not shown). (Table 3) .
Discussion
These results show that short-term FI after preloads is affected by composition, time to the next meal and body fatness in boys. After the glucose load, FI was decreased similarly in NW and OB boys, but its effect was reduced by time. After whey protein, FI was reduced in NW boys, but not OB boys. In NW boys its effect was increased with time. Subjective appetite, however, was not affected by the preload. Lower FI in NW and OB boys after consuming the glucose load compared with the sweet control is consistent with the previous studies of NW adult men. 16 However, caloric compensation for the glucose load was 106 and 81% in NW and OB boys, respectively, and higher than the response in NW adult men, 16 supporting the previous observations suggesting that young children adjust better for calories consumed as carbohydrates than do adults. 4 The failure of whey protein to reduce FI in OB boys and to reduce FI more than glucose in NW boys in Experiment 1 was surprising. Proteins suppress short-term FI more than carbohydrate or fat in adults as indicated by both quantitative and subjective measures. 8 Whey protein was expected to have the strongest effect on FI for three reasons. First, whey protein is rapidly digested, 25 resulting in a rapid and sustained increase in plasma amino acids, which, in turn, is associated with the suppression of FI. 26 Second, whey protein results in the release of several gut peptides involved in satiety including cholecystokinin (CCK) 27 and glucagonlike peptide 1 (GLP-1). 28 Finally, similar studies in NW men demonstrate that whey protein suppresses FI more than an equivalent amount of sucrose. 24 Food intake after caloric preloads was measured in Experiment 1 at 30 min for two reasons. First, decreased accuracy of caloric compensation at a test meal after sucrose preloads in 9-to 10-year-old children was found when the delay interval was extended from 30 to 90 min. 7 Second, other studies in young children have used a 30 min interval. 5, 23, 29 However, in Experiment 2 the time was extended to 60 min because all previous studies comparing the effect of carbohydrates and whey protein on short-term FI in adults have been conducted with delays of 60 min or longer. 15, 16, 24, 30 The results show that comparisons of the effect of protein and carbohydrates on later FI are time-dependent, and when measured at 60 min, the results are consistent with that observed in adults. 24 From 30 to 60 min, in NW boys, the Food intake regulation in children N Bellissimo et al effect of glucose was decreased, whereas the effect of whey protein was enhanced. This may be explained by the rate of entry of glucose and whey protein into the small intestine and resulting satiety hormone responses. Glucose in solution would be expected to pass rapidly to the small intestine and stimulate the satiety hormones GLP-1 and insulin, whereas whey protein would require digestion and provide a slower stimulation of satiety hormones including CCK 31 and polypeptide YY. 32 Body composition was measured in these studies because it has been suggested that FM affected caloric compensation to preloads in young children. 11 Fat mass (sum of skinfolds) in 3-to 5-year-old girls, but not boys, was inversely associated with caloric compensation to carbohydrates given as a fixed size preload without consideration of body size. 11 In Experiment 1, both BW and FFM were positively associated with FI irrespective of preload. That is, the larger the boy, the more they ate. When the preload dose is expressed relative to BW (g/kg), the treatment effect on FI was inversely related to BW (Figure 2) . Furthermore, when treatments were expressed relative to total BW, NW boys received a larger preload than OB boys (NW 1.1570.06 g/kg vs OB 0.9070.05 g/kg, Po0.01). Within the OB group, no association was found between the dose expressed on a BW basis and FI, which may be due to the relatively smaller dose but also suggests that Why the effect on FI of the whey protein but not glucose preload was compromised in the OB children is not clear, but could be related to the differences in the release of, or sensitivity to satiety hormones. There were no differences in mean FFM between NW and OB boys, and the range in FFM was similar, suggesting that FFM does not provide an explanation. A possible explanation resides in an interaction between long-term signals (adipose tissue-derived hormones) and short-term satiety signals (gut hormones) interfering with intake regulatory mechanisms in OB children. Presently, there are no reports of satiety hormones after protein preloads in NW or OB children. However, the orexigenic hormone ghrelin responds similarly to a glucose load (0.75 g/kg of BW) in OB and NW children (mean age 13 years). 33 Our results also suggest that satiety hormone responses to glucose would be similar in NW and OB children, but would differ for protein. Food intake regulation in children N Bellissimo et al (50 g vs 1 g/kg). Weaker associations between BW, FFM and FM with FI in Experiment 2 after the glucose and wheyprotein treatments would be expected because the treatments were given on a BW basis. However, because FI after the energy-free control also failed to show an association with body composition and BW either the sample size or the interval between the treatment and FI provides more likely explanations. Furthermore, the glucose and whey-protein treatments accounted for a reduction in total FI of only 13 and 25%, respectively, showing that other factors are a major determinant of how much the boys ate. These include fasting time, 34 ambient temperature 35 and body size.
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Although the glucose and whey-protein preloads reduced FI compared with the control, they did not bring about a reduction in appetite as is often found in studies of adults. 1, 16, 36 In both the experiments, average and individual appetite scores increased after the test treatments. Similar results for the failure of subjective appetite scores to decrease after the consumption of the test treatments have been reported in children. 7, 17 One possible explanation for the failure of appetite scores to decrease after caloric preloads is that children are not able to complete VAS in a quantitative manner that is reflective of their actual feeling of appetite. However, this was not a factor because the test meals resulted in large decreases in the average appetite score, desire-to-eat, hunger and PFC and increased fullness independent of the test treatments in both groups (data not shown) as has been observed previously. 7, 17 Furthermore, the VAS of subjective appetite strongly predicted how much the boys would eat at lunch but not their response to the caloric content of the whey and glucose preloads. Subjective appetite scores in both the experiments, before the test meal, were strongly correlated with FI, suggesting that the children understand the scales and are able to quantify their hunger. The associations, however, between subjective appetite and FI were more variable in OB than in NW boys again suggesting that there are differences between NW and OB in their expression of appetite. Consistent with the hypothesis that sweetness is a determinant of short-term FI regulation, the lower perceived sweetness of the whey-protein treatment reported by OB boys (Experiment 1) may have contributed to its diminished effect on satiety and caloric compensation. Sweet taste alone has been proposed to contribute to the reduction of hunger and increased feelings of fullness 37 and reduced FI in children 5 compared with the effects of a water control.
However, it is more likely that the physiological properties of the test treatments, not sweetness or pleasantness, were the major determinants leading to lower FI. In NW boys, lower sweetness of the whey-protein preload in Experiment 2 resulted in greater FI suppression and satiety compared with the reported sweeter glucose and control preloads. Furthermore, when all the data were pooled, no association was found between sweetness (Experiment 1, r ¼ À0.04, Po0.69; Experiment 2, r ¼ 0.29, Po0.08) or pleasantness (Experiment 2, r ¼ À0.02, Po0.92) with FI at the test meal.
The main finding of the present study is the suggestion that satiety signals from protein, but not from carbohydrate, is diminished in OB boys; however, the metabolic explanation for this will require further investigation. In addition, to establish more securely that childhood obesity is due, in part, to a failure to respond to short-term signals, future comparative studies are needed that give preloads on a BW basis to OB as well as to NW children. Also, a comparison of energy intakes following fat preloads in addition to a measure of the child's total daily energy intake would be useful. Ultimately, the results from these and other shortterm preload studies may provide a physiological basis for formulating diets and snacks to maximize short-term satiety signals and for weight control in children.
In conclusion, NW and OB boys respond differently to whey-protein preloads, with time to next meal a factor in the response to both glucose and protein preloads.
